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I. INTRODUCTION 
The physiological action of nicotine on the heart has been StUdied by numerous 
investigators and. the nicotine is known to act on ganglion cells, th~s blocking 
the nerve. impulse. \)n Jhe heart in vertbrates, in small doses it leads to temporary 
stimulation follO\\:.~Q., by depression, and in large closes depression follows hn-
·t:· -
mediately. In the· molluscan heart, the nicotine effect is much like the _inhibition 
by acetylcholine as repo~ted for A·nodonta, Anomia, Vemts, etc. 
The present preliminary investigation aftempts to examine the effect of 
nicotine on the isolated heart of the oyster quantitatively._ 
II. MATERIAL AND METHOD 
The material employed in these experiments was Ostrea circumpicta PILSBRY. 
The heart was isolated from the body. The method of isolation of the heart has 
been already described (1927). 
The isolated heart of oyster, which normally pulsates in sea water .. was perfused 
with various concentrations of nicotine solution, diluted with sea water, and the 
effects were observed by the kymographic method. The standard solution used 
in these experim_ents was diluted 1: 100 solution. ·All experiments were conducted 
at room temperature. The solution was kept at the same temperature. 
I) Contributions from the Shimada Marine Biological Station, Ko. 90. 
2) Dedicated to ProfeRsor Emeritus Dr. Shinkishi Hatai, the founder of the Marine 
Diologi<:al Station of Asamushi. 
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III. EXPERIMENTAL RESULTS 
The heart of oyster which normally pulsates in sea water was perfused with 
various concentrations of nicotine, and certa in effects were obsen ·ed in certain 
concentrations. The results are summarized a.s follows : -
Perfused with the nicotine concentration::; such as-~- X 1 o-j ~-{ X ] 0- 5 ' 
the heart showed no response at all, and pulsated normally almostindifferent 
to this chemical. But some iudividuals responded to these concentrations and 
heart pulsation gradually decreased (Text-fig. 1) 
Fig. I. Effect of diluted nicotine solution . 
Fig. 2 . Effect of nicotine. The hear t imm :diately stopped in diastole. 
~M~~ 
t 
1~<10-J Ni.cott..ne soLution 
Fig. ~>. E ffect o f nicotine. The h eart increasing the t,mus . 
These phenomena are invariable in each individua l. The t hre::;holcl con-
centration of nicotine to the oyster heart could not be mea:;nred in detai l, for the 
individual di fference is so variable. 
If more concentrated nicotine solutions such as 1 >- lQ- 3 , 1 x 1 o- ·1 were used , 
• 
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the heart immediately stopped the pulsation in diastole (Text-fig. 2). 
Some individuals responded t o the more concentrated nicotine solutions 
(1 x I0-3, 1 x I0-2 ), and the heart immediatey increased its tonus and gradually 
stopped in systole (Text-fig. 3). 
Nicotine seems to act upon the pacemaker mechanism as stated by 
DAVENPORT et al. (1940), since at low concentrations it slows the heart pnlsation; 
it may affect the mechanism of contrac.tion, since the amplitude is decreased. At 
higher concentrations, it stops the hear t in diastole ; that this stoppage is not due 
to the impairment of the mechanism of contraction is shown by the fact that the 
heart reacts to direct d ectrical stimulation with a strong contraction. 
In all experiments, the effect s of the nicotine were found to be somewhat 
permanent ; tests with higher concentrations on a hear t which had previously been 
treated with lower concentrations or vice 'ilersa did not bring about the same 
effect as treatment of a fresh heart, since the effect<> were never completely 
reversible. 
DAvENPORT et al. (1940) reported , in recovery from nicotine in Ariolimax , 
that "the heart beats five times with large amplitude and then stopped in disatole 
for a short time. The stoppage was followed by several strong beat s, and that 
process of periodic stoppage was followed in some cases by a series of beat s of 
increasing number and continued until the heart had resurnecl a normal though 
amplified rhythm." 
In the oyster heart such recovery proce;;s could not be observed and the 
pulsation only gradually recovered. 
IV. GENERAL CONSIDERATION 
These expe1iments on the effect of the nicotine on the heart of oyster show 
different results from those on the heart of Arthropoda. 
CARLSON (1906) in his classic experiments on the heart of Limulus dEmons-
trated that the nicotine in d ilute solutions has a primary stimubtin:s effect on the 
ganglion of an arthrop0d heart and that at higher concentrations the nicotine 
produces irregularity in rhythm, depression ancl paralysis. CARLSON showed that 
in lower cnncentrations nicotine has little effect on muscle itself. It se.:!ms, 
therefore, that in the cru stacean heart perfused with ni cotine, the intrinsic ganglion 
cells ar':! stimnla ted. 
DAVENPORT (1941) staled that on the effect of nicotine in the heart of A stacus, 
concentration 1 : 10,000 gave increase in amplitude and decrease in frE:quency ; 
1 : 5,000 a decrease in amplitude and irregularity o{ beat. 
And also in Cancer heart , that 1 : 20,000 gave increase in amplitude and 
frequency; 1 : 10,000 increase in amplitude aJtd frequency or increase in frequency 
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to systolic stoppage ; 1 : 4,000~3,000 initial stimulation of frequency and 
amplitude followed by depression. 
HAMILTON (1937) fo·~nd in Mela11ol-us that from 1 : 100 to 1 : 1,000,000 gave 
an increase in amplitude and slight decrease in frequency while low conCentrations 
in some' hearts gave inital increase in frequency., 
YAEGER and GAHAM (1937), and YAEGER (1938) stated that the hearts of 
Periplaneta and Prodenia in low concentrations gave initi~l stimulation in frequency 
without depression ; intermediatP- conc~ntrations, stimulation followed by partial 
depression; and high concentrations, followed by depression and paralysis ; 
concentratiolls giving initial stimulation increased the tone of heart . 
.In the molluscan· heart, NAVEZ (1936) reported the action of nicotine on the 
heart in Anom£a that perfused with 0.002 %·nicotine the heart shows "Augment-
ation frCquence," with 0.005% "Arret ternporaire en diastole (1 <\ 5 min}" and 
with 0.01 % "Arnot diastolique instantane." 
DAVENPORT ct al. (1940) stated with reference to the effect of nicotine in 
Arlolima.'l; heart that positive inotropic and negative chronotropic effects were 
produced by nicotine in low concentrations~ The first noticeable effect was· a 
slowing of rhythm (1 : 7,000), a definite negative chronotropic effect could be 
observed·(! : 5,000) and diasto\ic stoppage with a few irregular beats of large 
magnitude (1: 4,000). They considered that the nicotine acts upon the pacemaker 
. mechanism, but it could not impairC the mechanism of contraction. The grouped 
beats leading to the normal rhythm during recovery from nicotine treatment may 
be interpreted as _the result of a gradual recovery of the mechanism of pacemaker. 
In these experiments, the heart of oyster shows no excitation at al1 when 
perfused with any cuncentrations of nicotine. And the pulsation of the heart 
decreases the frequency and amplitude. But there are two cases showing the 
effects of nicotine on the heart of oyster. One is to increase the tonus which 
usually stops in diastole. Th~ other is to increase the tonus sudd~nly \Vhich 
gradually stop in systole. The former is· usually observable in low concentrations 
and the latter in higher concentrations. 
The heart of the oyster is provided with accelerator and inhibitor nerves. 
Nerve cells are distributed in the cardiac muscle. Therefore, whether the effect 
of nicotine affects the ending of this inhibitor nerve and nerve cells with resulting 
decreases in amplitude, in frc_quency, and stopping in diastole or whether it 
affects the cardiac muscle itself and stops in systole is questionable. 
In conclusion, nicotine is not the stimulating agent for the h'eart of oyster, 
and the latter usually stops in diastole by this c~1emicaL 
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